Summary: A number of technologies, including CRISPR/Cas, TALENs and zinc-finger nucleases, allow the user to target a chosen locus for genome editing or regulatory interference. Specificity, however, is a major problem, and the targeted locus must be chosen with care to avoid inadvertently affecting other loci ("off-targets") in the genome. To address this we have created GT-Scan ("Genome Target Scan"), a flexible, web-based tool that ranks all potential targets in a user-selected region of a genome in terms of how many off-targets they have. GT-Scan gives the user flexibility to define the desired characteristics of targets and off-targets via a simple "target rule", and its interactive output allows detailed inspection of each of the most promising candidate targets. GT-Scan can be used to identify optimal targets for CRISPR/Cas systems, but its flexibility gives it potential to be adapted to other genome-targeting technologies as well. Availability: GT-Scan can be run via the web at:
INTRODUCTION
Targeted genome editing and targeted transcriptional control are essential tools of modern molecular biology. Currently popular approaches include CRISPR-Cas (Jinek et al., 2012) , transcription activator-like effector nucleases (TALENs) and zincfinger nucleases (ZFNs) (Miller et al., 2007) . Each of these technologies allows the user to design a system to target a specific genomic sequence. However, because of the limited or uncertain sequence specificity of technologies based on CRISPR/Cas (Hsu et al., 2013) , TALENs and ZFNs (Gabriel et al., 2011) , it is crucial that the intended genomic target be as unique as possible within the genome. Ensuring target uniqueness will reduce the number of "offtargets" in the genome and minimize unintended genome editing or regulatory effects.
The first step in the effective use of any genome-targeting technology is therefore to identify the possible target(s) within the region of interest (e.g., gene, exon or promoter) that have the fewest off-targets. The ideal targets are sub-sequences within the region of interest that have no exact copies elsewhere in the genome. Because targeting affinity is a continuum, near-exact copies that differ at one or a few positions from the intended target are also undesirable (Jinek et al., 2012) . Furthermore, the positions of the mismatches in off-targets may also affect their affinity. For example, in the CRISPR/Cas system, mismatches in 5' positions are generally less disruptive than those in 3' positions (Jiang et al., 2013 ). An exception is a single nucleotide near the 3' end of the target which has little or no effect on specificity, regardless of the base-pair present in that position (Mali et al., 2013) . In ZFN targets, a central "spacer" has little affect on affinity. Target selection should therefore consider both exact and near-exact matches to the target as off-targets, as well as the positions of mismatches in off-targets.
The particular genome editing technology being used may place other constraints on the ideal targets in addition to uniqueness. For example, CRISPR/Cas targets must contain a particular short sequence at the 3' end called a protospacer adjacent motif (PAM) (Mali et al., 2013) . Target selection must consider such constraints as well.
GT-SCAN
We have developed GT-Scan (Genomic Target Scan) to aid in the selection of optimal genomic targets for genome editing or transcriptional control via systems based on CRISPR/Cas and other systems. GT-Scan is a flexible, web-based tool that scans a userdefined genomic region for candidate targets and ranks them in terms of the number of exact or approximate off-targets in the genome. GT-Scan allows the user to define a "target rule" in a simple format that specifies target length, constrained positions and positions with high, low or no target (and off-target) specificity. GTScan's output is interactive, allowing the user to examine candidate targets and the characteristics of their potential off-targets (number of mismatches, positions of mismatches, genomic locations). The GT-Scan website currently supports target selection in over 25 Ensembl genomes.
To use GT-Scan, the user selects the appropriate genome from a menu and provides the DNA sequence of the genomic region in which they wish to identify optimal targets. They then choose a "rule-pair" consisting of a "target rule" and an "off-target filter", or they can create their own custom rule-pair. Candidate targets are positions in the given genomic region (on either strand) that match the target rule. For each candidate target, GT-scan reports all potential off-targets in the genome that have no more than three mismatches with the candidate target and match the off-target filter. The user can also separately limit the number of high-specificity mismatches in off-targets.
The target rule defines high-, low-and no-specificity positions in candidate targets, using upper-and lower-case letters from the alphabet ACGTNX. To illustrate, consider the 23nt rule-pair target rule xxxxxxxxxxXXXXXXXXXXNGG off-target filter NNNNNNNNNNNNNNNNNNNNNRG, which is appropriate for CRISPR/Cas9 systems. This target rule specifies that candidate targets must be 23nt long and end with the -NGG PAM. It also encodes the information that the ten most 5' positions are low-specificity positions, and the following thirteen are 1 Associate Editor: Dr. John Hancock
